As knowledge rapidly expands and accumulates, training and assessing students' information searching ability for solving problems on the Internet has become an important and challenging issue. This research aims to improve the web-based problem solving abilities of primary school students by employing an information summarising approach for improving their skills in using keywords and extracting proper information. Moreover, a web-based learning environment is employed to record and analyse the online information searching behaviours of students. An experiment has been conducted to evaluate the effectiveness of this innovative approach. The experimental results show that the information summarising training significantly improved the performance of the students in the experimental group in terms of using keywords, selecting information resources and extracting important content. Therefore, it was concluded that the innovative approach has a significant impact on promoting the web-based problem solving abilities of students.
Introduction
With the rapid development of the Internet and computer technology, learning how to search for useful information via the Internet has become an important issue in recent years (Liu, Liu & Hwang, 2010; Tsai & Tsai, 2003; Tsai, Tsai & Hwang, 2011) . Researchers have also indicated the importance of skills for retrieving information efficiently and effectively from the great deal of data found on the Internet (Hwang, Tsai, Tsai, Tseng & Tseng, 2008; Tseng, Hwang, Tsai & Tsai, 2009 ).
Previous studies have also shown that most children have difficulty in searching for information on the Internet. Children are usually unfamiliar with the usage of the search engines, mismatch keywords or misuse Boolean symbols, so that they are likely to retrieve incorrect or inappropriate information (Bilal, 2000; Spink & Xu, 2000) . That is, the web-based information searching behaviours of most elementary school students are incorrect owing to the lack of related training. In addition, while trying to read and use the search results, students usually retrieve data based on the titles of web pages instead of the content, which is likely to cause them to choose incomplete or irrelevant information. This could be ascribed to their weak content comprehension and summarising abilities. Therefore, the training of content comprehension and summarising skills has become an important and challenging issue.
To cope with these problems, in this study, an information summarising instruction strategy was employed to improve students' information summarising ability, including keyword usage, information resource selecting and content extracting An experiment has been conducted to evaluate the effectiveness of the innovative approach by randomly assigning sixty-seven fifth-grade elementary school students into an experimental group and a control group. From the experimental results, it was found that the approach significantly improved the performance of the students in using keywords, selecting information resources and extracting important content, and hence their web-based problem solving ability was enhanced as well.
Literature review
Teaching students to obtain valuable information efficiently from the Internet has attracted the attention of researchers in the past decade. Various strategies concerning web-based information searching have been proposed (Chiou, Hwang & Tseng, 2009 ). For example, Ackerman and Karen (2005) proposed a detailed ten-step procedure for online information searching:
1. Identifying important concepts about the problems to be solved. 2. Selecting keywords that match these concepts. 3. Identifying possible synonyms within the keywords. 4. Selecting a search method, such as Proximity search or Boolean search. 5. Choosing a search engine. 6. Reading instructions on the main page of the search engine, such as "Help", "Advanced Search", and "Common Questions." 7. Creating appropriate words and phrases for the search engine. 8. Evaluating the searched results and checking the relevance with problems. 9. Fixing the search method and repeating Steps 2 to 4 if necessary. 10. Trying different search engines with identical search methods and repeating Steps 6 to 9.
Within the curriculum related to web-based information searching offered by elementary schools, students usually encounter several difficulties during their webbased problem solving process, such as determining appropriate keywords for the problems, selecting relevant web sites to browse, and extracting essential information from the searched results. Researchers have indicated that students would obtain relevant data efficiently from a variety of web sites if they could use precise and proper keywords; that is, most of the irrelevant data could be weeded out at this earliest stage, and hence their cognitive load could be significantly reduced (Amadieu, Tricot & Marine, 2009; Washington, 1977; Hwang & Chang, 2011; Madrid, Oostendorp & Melguizo, 2008) .
Furthermore, students also encounter problems in evaluating the relevance of the web sites to the problems and extracting the information they need (Wallace, Kupperman, Krajcik & Soloway, 2000; Lorenzen, 2002; MaKinster, Beghetto & Plucker, 2002; Wu & Tsai, 2007; So & Kim, 2009; Ladbrook & Probert, 2011) . That is, the ability of students to comprehend the content of the sites they access plays a critical role in retrieving data from a large amount of web information that matches the keywords. If students are equipped with the ability to grasp the key points of the problems, they may be able to seek efficiently what they need from the Internet with appropriate keywords, and then extract content effectively from the searched results. On the contrary, if they fail to identify the key points of the problem, the whole problem solving process is likely to be inefficient (Pharo & Jarvelin, 2004; Wormeli, 2005; Brickell & Herrington, 2006; Tu, Shih & Tsai, 2008; Susar & Akkaya, 2009; Antiqueira, Oliveira, Costa & Nunes, 2009; Veletsianos & Doering, 2010) . Hence, this study attempts to employ an information summarising instruction strategy to enhance the information comprehension and summarising abilities of the students; hopefully, their web-based problem solving ability can be improved as well.
Researchers have indicated that learners are likely to gain good learning achievements if they are able to summarise all concepts from the articles they are studying (Williams, Taylor & DeCani, 1984) . As mentioned previously, during the process of solving a problem, identification of key concepts for a problem before searching for information is essential, and is a determinant of how problem solvers evaluate the relevance between the searched data from web sites and the problems, as well as how they extract the information they need. That is, enhancing the information summarising ability of students could be helpful to them in comprehending the problems to be solved and the information to be derived (Hare, Rabinowitz & Schieble, 1989; So & Kim, 2009; Cheng, 2009) .
Research design
In this study, we attempted to improve the students' web-based problem solving ability by applying an information summarising instruction strategy. The students were trained to identify the key points of the problems to be solved, evaluate the relevance of the searched web sites to the problems, and extract content from the web sites for giving quality answers.
Participants
Sixty-seven fifth graders, with an average age of 11, participated in the experiment. The students were randomly assigned to an experimental group (n=34) and a control group (n=33).
Experimental procedure
In this study a pre-test and a post-test were conducted before and after the learning activity, respectively, to evaluate the information searching ability and content summarising ability of the students. During the learning activity, the students in the experimental group received the information summarising instructions as well as the instructions about the use of search engines, while the students in the control groups received only the instructions and practice using search engines. The research structure of the study is shown in Figure 1 .
Treatments
The experimental group conducted the information summarising instruction strategy to deliver explicit skills and concepts for analysing an article. The control group adopted the conventional instruction strategy, i.e. the students were required to read an article freely in a restricted time period and then the teacher started articulating the important concepts and ideas of the article. The process of the information summarising instruction strategy originated from the idea for summarising information proposed by Anderson and Hidi (1989) , which consists of two stages, the information selection stage and the content reduction stage.
The first denotes what content in an article should be kept or eliminated, while the second means that the low-level wording can be reduced and replaced with general ideas. In this study, the information summarising instruction strategy was conducted over a period of eight weeks with sixteen sessions to learn how to analyse three articles: "the largest lagoon in Taiwan", "the form of typhoon", and "the history of the aborigines in Taiwan," respectively. These particular articles were chosen by the students' senior elementary school teacher for their complex concepts, and more similar wordings, which need to be identified further. The three phases of information summarising strategy are described as follows:
Interpretation and analysis
This phase was conducted for two weeks using two sessions per week to guide learners to comprehend an article and identify the important concepts in each paragraph before summarising it. The article was related to a lagoon located in southern Taiwan. The teacher guided the students on how to look for and identify important ideas in the article with five "Wh-Questions" and one "H-Question" (Kintsch, 1990) , as follows: (1) what is the topic of the article?; (2) who is the important figure in the article?; (3) why did those things occur in the article?; (4) where did the events occur?; (5) when did they occur?; and (6) how did they happen? In the first week, two forty-minute sessions were conducted for interpreting the article with the "5W+1H" approach. In the second week, two sessions were conducted for analysing the important concepts of each paragraph in the article.
Selection and assessment
This phase was managed for two weeks to show the learners how to determine and keep the important content of the article; that is, they need to judge what is irrelevant and get rid of it. This can also be done by using the five "Wh-Questions" and one "HQuestion."
Induction and integration
This phase was conducted for two weeks to teach the learners to find out any similar or repeated concepts, and to merge and reorganise them with their own ideas. The term "induction" means inducting complicated sentences with high-level concepts, while "integration" means that a learner can make sense of the article and integrate it with his/her own ideas into accurate and precise sentences.
Finally, the learners were asked to rehearse the three phases of information summarising skills by summarising two other articles in the last two weeks for review; one article was about aborigines in Taiwan, the other was about how typhoons were formed. In order to investigate how well students search and extract information about "nuclear power plants in Taiwan" on the web, a web information searching system, Meta-Analyzer developed by Hwang, Tsai, Tsai and Tseng (2008) , was employed as a measuring tool for evaluating the selection of keywords, relevant websites, extracting and summarising information, as well as for measuring the web-based problem solving abilities of the students by recording the online problem solving behaviours of the students and providing several indicators to summarise those behaviors..
Measuring tools
In this study, two measurements are employed in the pre-test and the post-test; that is, the measurement of the students' content summarising efficacy and the measurement of their information searching ability. The former represents the summarising efficacy, while the latter represents the web-based problem solving ability of the students. These measurements are described in detail as follows.
Measurement for content summarising efficacy
The content summarising test originated from the study of Leslie and Caldwell (1995) . Examples of summarising sentences were evaluated and decided on jointly by the teacher and students in the class, and were classified into three rating levels: 1, 2 and 3 representing "most important sentence", "important sentence" and "less important sentence", respectively. In addition to the rating scheme, this study adopted the formula of equation (1) for evaluating the students' content summarising efficacy. The formula is a modified version proposed by Head, Readence and Buss (1989) and adapted by Wei (2003) . If most of the concepts of an article were presented with the least number of sentences, the learner would obtain a better score. That is, the higher the score the students get, the better efficacy they have (Head et al., 1989) .
In this formula, the abbreviations of SE, ASE, AUSE, ASA, and AUSA denote "Summary Efficacy," "the Aggregate number of important SEntences," "the Aggregate number of Unimportant SEntences," "the Aggregate number of important Sentences in the Article," and "the Aggregate number of Unimportant Sentences in the Article," respectively.
Measurement for information searching ability
The measurement for assessing students' information searching ability on the Internet originated from the study of Garner (1982) . The formula for searching ability is shown as follows:
In this formula, the abbreviations of SA, AMC, ASW, and ACA denote "Searching Ability", "the Aggregate number of Major Concepts in an article", "the Aggregate number of Summarised Words" and the "Aggregate number of Concepts in all the Answers", respectively.
Learning environment for recording information searching behaviours
In this study, a web information searching system, Meta-Analyzer, was implemented to assist educators in tracing and analysing the information searching behaviours of students (Hwang et al., 2008; Hwang & Chen, 2010; Grimley & Allan, 2010) . For each learning activity, the system presents to the learners four questions prepared by the teachers. The first, second and third questions were structured in order to evaluate the information searching, extracting and summarising abilities of individual students, while the last one is an open ended question without any standard answer. Meta-Analyzer not only provides a problem solving environment, but also a search engine that enables students to search for appropriate data on the Internet. Moreover, all of the information searching behaviours of individual students are recorded. These records can be used by educators or researchers to reflect on their instruction strategies and materials, or to analyse the searching behaviours of the students. Figure 2 shows the Meta-Analyzer interface for students, which consists of three areas: the "question and answer" area, the "information searching area" and the "search results" area, respectively. Learners, firstly, have to comprehend the question on the left of the screen. Based on the question, they have to adopt appropriate keywords to search for information; these keywords are shown in the top right of the screen. Then, the corresponding results will be returned by the search engine and shown in the bottom right of the screen. While participating in the web-based problem solving activities, the students needed to analyse and make judgments of the questions raised by the teachers, and then determine the search strategy (i.e., the combinations of keywords) in order to find the needed information. Furthermore, the students needed to devise a strategy to efficiently find and extract the most relevant information from a number of web pages returned by the search engine. Therefore, the learning activities involve more than just searching for answers; instead, they are relevant to a series of problem solving steps, including understanding the questions, determining strategies for finding the needed information, selecting relevant web pages from the returned data, judging and extracting the needed information, reorganising the information extracted from different web pages, and stating their own opinions based on what they found on the web (Song, Grabowski, Koszalka & Harkness, 2006) . In essence, the activity designed with Meta-Analyzer is related to the aspect of problem solving (Jonassen, 2010 ).
An illustrative example of using Meta-Analyzer for searching for information and answering questions is given in Figure 3 . Students can answer the questions by copying and pasting the selected information from the searched web pages to the answer area, modifying the collected information, and then submitting the answers.
Moreover, the educators are able to look into the information concerning the students' learning portfolio and searching behaviours from the system log, such as the number of keywords used, the duration of browsing the adopted pages, as well as responses to the questions, to assess the students' learning efficacy. Figure 4 shows that educators can read the learning portfolios of individual students derived from the system log for further analysis and assessment. The new quantitative indicators are given as follows (Hwang et al., 2008 ):
• Number of keywords: shows the variations (number of different keywords used) for the learner to search for information to answer the question.
• Frequency of keywords: represents the frequency of the keywords used by the learner to search for information to answer the question.
• Time for web page selection: the time that the learner spends selecting a web page to browse the results returned by the search engine in order to answer the question.
• Time for surveying a selected page for the first time: hows the time the learner browses a selected page in order to answer the question. Note that it does not include the time taken to answer the question or to re-browse the same page.
• Number of pages: represents the number of different pages that are browsed by the user in order to answer the question.
• Number of adopted pages: represents the number of browsed pages that have been adopted by the learner in order to answer the question.
• Time for browsing the adopted pages: represents the time taken to browse the pages that have been adopted by the learner in order to answer the question.
• Number of revisited and adopted pages: represents the number of revisited pages that have been adopted by the learner to answer the question.
• Time for browsing the revisited and adopted pages: time taken to browse the revisited pages that have been adopted by the learner in order to answer the question.
• Number of revisited but not adopted pages: represents the number of revisited pages that have not been adopted by the learner to answer the question.
• Time for browsing the revisited but not adopted pages: represents the time taken to browse the revisited pages that have not been adopted by the learner to answer the question.
• Number of marked and adopted pages: represents the number of web pages that have been marked and adopted by the learner to answer the question.
• Number of marked but not adopted pages: represents the number of web pages that have been marked but have not been adopted by the learner to answer the question.
• Number of revisions made to the answer: shows the number of revisions made by the learner to improve the quality of the answer to the question.
Thus, these statistical indicators are helpful to the instructors in understanding the web-searching behaviors and ability of the students ).
Experimental results and discussion
In this section, the experimental results are analysed based on three ability analyses, summarising ability, keyword adopting ability, and average number of keywords adopted. Moreover, the browsing efficacy, accuracy ratio of response, and web-based problem solving ability of the students are discussed as well. The descriptive statistical methods, one-way ANCOVA and Chi-square test, are employed to analyse the experimental outcomes of the study.
Analysis of summarising ability
Before conducting the information summarising instruction activity, two groups, one experimental and one control group, were given a pre-test, and required to do a posttest after the information summarising instruction session. Table 1 shows that the control group had no significant difference between the pre-test and post-test according to the statistical analysis of the paired samples t-test; however, the experimental group showed a significant difference comparing the pre-test with the post-test (t=-2.644, p<.05), i.e., the experimental group had better performance in content summarising after the information summarising instruction. For further analysis, ANCOVA, was utilised to examine the difference in the content summarising ability between the control group and the experimental group. The pretest for summarising ability was used as the covariance, and the post-test was the dependent variable. Table 2 shows that the students in the experimental group had significantly better summarising ability than those in the control group (F = 20.014, p<.001). This result shows that the web-based problem solving activity is helpful to students in improving their summarising ability. 
Keyword adopting ability

Ratio of keyword adopting ability
The purpose of the test is mainly to examine students' keyword adopting ability in web searching after the information summarising instruction strategy. The pre-test of ratio of keyword adopting ability was used as the covariance, while the post-test was the dependent variable. Table 3 shows that the experimental group students had significantly better keyword adopting ability than those in the control group (F=34.224, p<.001). This result shows that the web-based problem solving activity is helpful to students in improving their keyword adopting ability. Average number of keywords adopted The purpose of the test was to focus on the number of keywords adopted after the information summarising instruction. The pre-test of the number of keywords adopted is regarded as the covariance, while the post-test was the dependent variable. Table 4 shows that the experimental group students adopted a significantly lower average number of keywords than those in the control group (F = 28.833, p<.001). This result shows that the web-based problem solving activity is helpful to students in improving their ability to adopt keywords. 
Information searching ability
Information searching ability is measured by computing the accuracy ratio of the students' answers (Hwang et al., 2008) . When the students searched for information from the Internet, they were required to retrieve information from the searched web pages with a limited number of words. Thus, the accuracy ratio of the words in the answers to the corresponding questions was calculated according to the word limit. The post-test of the accuracy ratio was used as the dependent variable, while the pretest was the covariant. Table 5 shows that the students in the experimental group had a significantly better accuracy ratio of students' answers than those in the control group (F=11.445, p<.01). This result shows that the web-based problem solving activity is helpful to students in improving their accuracy ratio in responding to questions. 
Browsing efficacy
Browsing efficacy is to measure one's efficiency while judging the first web site to browse after all of the searched pages displayed on the browser. This can be referred to understand a student's judgment in determining the first related web page. According to the descriptive statistics, Table 6 shows the mean scores for the experimental group and the control group in the pre-and post-tests, respectively. The post-test mean of the control group was higher than that of the pre-test, implying that the students did not gain better browsing efficacy after employing the traditional approach. On the other hand, the post-test mean of the experimental group was less than that of the pre-test, implying that the students improved their browsing efficacy after employing the information summarising instruction strategy. That is, the experimental group had better browsing efficacy skills after participating in the learning activity. In the process of selecting the web site to browse, the experimental group students were able to read the description of each candidate site shown on the "result found" area of MetaAnalyzer, and filter the irrelevant sites based on what they had learned in the "Interpretation and analysis" and "Selection and assessment" phases. 
Web-based problem solving ability
Web-based problem solving ability describes one's ability in retrieving critical information or concepts from the open resource to respond to questions. That is, students are likely to search for and retrieve information from the Internet with any number of words to solve the problems. Thus, the accuracy ratio of responding to questions was computed in accordance without a limited number of words, which is also regarded as "Web-based problem solving ability." Table 7 shows that the students in the experimental group had significantly better web-based problem solving ability than those in the control group (F =10.163, p<.01) . Thus, this result shows that the webbased problem solving activity is able to facilitate students in improving their webbased problem solving ability. 
Attitudes toward the information summarising instruction strategy
After conducting eight weeks of sixteen sessions on the information summarising instruction strategy, participants were asked to fill out a questionnaire concerning their attitudes toward the instruction strategy. Table 8 shows the feedback from the students. Over 90% of the students agreed that the information summarising instruction strategy was helpful to them in adopting keywords; 82.3% indicated that they could find the websites they needed in a short time after the information summarising instruction. Moreover, it was helpful to 85.3% of them in extracting information from the web pages located by the search engine. To sum up, over 86% of the participants consented that the information summarising instruction strategy had improved their problem solving ability while searching for information on the Internet. To sum up, the research findings show that the experimental group students had better web-based problem solving performance than the control group students in summarising ability, the adoption of keywords, accuracy ratio of response, and browsing efficacy after the intervention. These abilities mentioned above are all related to web-based problem solving ability. Thus, it can be concluded that the experimental group students are able to promote their web-based problem solving ability due to the assistance of the information summarising instruction strategy. Moreover, over 80% of the participants agreed that the information summarising instruction strategy had improved their problem solving ability while searching for information on the Internet.
Conclusions
This study aimed to improve the usage of keywords and information summarising abilities on the Internet for higher-grade elementary school students based on the information summarising instruction strategy. A quasi experiment with equivalent group pre-and post-test design was implemented, and 67 students were randomly divided into two groups, one experimental and one control group. The study attempted to investigate the difference between the two groups in terms of the keywords they adopted before and after the experiment. The statistical analysis method, one-way ANCOVA, was employed to examine the empirical findings, which are summarised as follows.
Information summarising instruction improves students' summarising ability
The research findings indicate that the experimental group has better scores for summary efficacy than the control group, with the average score improving markedly from 0.49 to 0.65. With pencil and paper tests, low achievement students usually provide shorter answers when responding to questions than high achievement students; some of them even return blank sheets. However, the low achievement students in our study could use a few keywords in the information searching process after taking part in the information summarising instruction strategy. For instance, they already understood that the first sentence of every paragraph of an article is very important. Hence, their post-test score for summarising ability was better than their pre-test score for that particular aspect.
Information summarising instruction improves students' keyword adopting ability
The research findings show that the experimental group had better scores for keyword adoption than the control group. That is, the experimental group had better post-test scores with respect to the number of keywords adopted than in the pre-test after the information summarising instruction strategy. Moreover, the empirical results also showed that there exists a significant difference between the control group and the experimental group.
Information summarising instruction improves students' accuracy ratio of response
As for the students' accuracy ratio of response to an article with a limited number of words, the two groups showed a significant difference in the post-test. For the students in the experimental group, their usage of keywords and accuracy ratio of response had both made obvious improvements. They could also quickly find accurate answers from just a few web pages using important keywords.
Information summarising instruction improves students' web-based problem solving ability
In terms of the students' web-based problem solving ability from web pages with an unlimited number of words, the experimental group had better performance in the post-test scores than the control group. In other words, the information summarising instruction strategy resulted in a significant statistical difference between the control group and the experimental group, and improved their web-based problem solving abilities.
To sum up, the results of this study show that the learning performance of the experimental group students revealed better learning efficacy in keyword adoption, information searching, selecting and extracting, as well as problem solving abilities than those of the control group after participating in the web-based problem solving activity. Such a finding indicates that the intervention of the applied learning strategy had positive effects on the students in terms of identifying key concepts and ideas embedded in the content, comprehending learning materials, searching for relevant information for solving problems, judging and selecting valuable information from a large amount of data, and summarising the information based on the problem to be coped with. Consequently, it is worth trying to apply this approach to other science and social science courses in the future; in particular, the courses that aim to foster the students' abilities in solving practical problems.
